A novel Gram-staining-negative gammaproteobacterium, designated IITR-13 T , was isolated from a pesticide-contaminated soil and characterized using a polyphasic approach. On the basis of 16S rRNA gene sequence analysis, the strain showed the closest similarity (98.7 %) to Rheinheimera tangshanensis JA3-B52
The genus Rheinheimera was proposed by Brettar et al. (2002) , and its description has since been emended by Merchant et al. (2007) , Chen et al. (2010) , Li et al. (2011) and Liu et al. (2012) . At the time of writing, the genus Rheinheimera was represented by 16 species isolated from different ecological niches: Rheinheimera baltica (Brettar et al., 2002) , R. pacifica (Romanenko et al., 2003) , R. perlucida (Brettar et al., 2006) , R. chironomi (Halpern et al., 2007) , R. aquimaris (Yoon et al., 2007) , R. texasensis (Merchant et al., 2007) , R. soli (Ryu et al., 2008) , R. tangshanensis (Zhang et al., 2008) , R. aquatica (Chen et al., 2010) , R. nanhaiensis (Li et al., 2011) , R. longhuensis (Liu et al., 2012) , R. tilapiae (Chen et al., 2013) , R. hassiensis and R. muenzenbergensis (Suarez et al., 2014) , R. tuosuensis (Zhong et al., 2014) and R. arenilitoris . Most members of the genus Rheinheimera have been isolated from marine environments. In this present study, we report the polyphasic characterization of a Gram-staining-negative bacterium, designated Strain T was isolated by plating serial dilutions on tryptic soy agar medium (TSA; HiMedia). Phenotypic tests, hydrolysis of casein, starch and gelatin and other biochemical tests mentioned in Table 1 were performed according to standard methods (Cowan & Steel, 1965; Murray et al., 1994; Smibert & Krieg, 1994; Powers, 1995) . The motility test was performed by the hanging drop method. Growth at 12, 15, 20, 25, 30, 37 and 42 8C, pH 5.0, 6.5, 7.0, 8.0, 9 .0 and 10.0, using different biological buffers Xu et al. (2005) , and 0, 2, 5, 7, 9 and 10 % (w/v) NaCl was determined using TSA as a basal medium. Acid production from various carbohydrates (0.5 %, w/v) was examined using bromocresol purple (0.2 %) as an acidbase indicator. All biochemical tests were incubated at 30 8C. VITEK 2 GN cards were used in triplicate using a 24-h-old culture, incubated at 37 8C according to the instructions of the manufacturer (bioMérieux). Antibiotic susceptibility was investigated on TSA plates using discs (HiMedia) containing the following amounts of antibiotic (mg per disc unless indicated): colistin (10), ciprofloxacin (5), penicillin G (10 IU), nitrofurantoin (300), vancomycin (30), bacitracin (10), gentamicin (10), rifampicin (5) and polymyxin B (300).
Strain IITR-13
T was Gram-negative-staining, strictly aerobic and motile and cells occurred mostly as single slender rods, but sometimes in pairs. Cells were 1-3 mm long and 0.1-0.2 mm wide. Colonies on TSA were creamcoloured, round, convex to slightly umbonate and had irregular margins. The strain tested positive for oxidase and catalase. Strain IITR-13 T grew at 12-42 8C (optimum, 30 8C) and at pH 5.0-10.0 (optimum, pH 8.0) and tolerated up to 2 % NaCl. Starch and casein were hydrolysed, but not gelatin, and the strain tested negative for H 2 S production. Strain IITR-13 T was sensitive to colistin, ciprofloxacin, nitrofurantoin, bacitracin, rifampicin and polymyxin and resistant to vancomycin, gentamicin and penicillin. Strain IITR-13 T tested positive for acid production from arabinose, salicin, glucose, lactose, melibiose and cellobiose. Strain IITR-13 T differed from the three closely related reference strains in 40 characteristic features, including the pH, temperature and NaCl concentration ranges for growth, acid production from sugars, casein hydrolysis, nitrate reduction, sensitivity to antibiotics and results from the VITEK 2 GN card. Differential phenotypic properties of the strain are given in the species description and in Table 1. For cellular fatty acid analysis, the strain was grown on TSA at 30 8C for 24 h. Extraction and analysis of cellular fatty acids were performed according to the procedures of the Sherlock Microbial Identification system (MIDI), as described previously (Sasser, 1990; Pandey et al., 2002) . Major fatty acids (more than 10 % of the total) were found to be summed feature 3 (C 16 : 1 v6c/C 16 : 1 v7c; 21.4 %), C 17 : 1 v8c (14.0 %), C 12 : 0 3-OH (11.8 %), C 16 : 0 (11.7 %) and summed feature 8 (C 18 : 1 v6c/ C 18 : 1 v7c; 10.0 %), and C 11 : 0 3-OH (6.6 %) was moderately abundant (5-10 % of the total). Significant quantitative distinctions were observed in the fatty acid composition between strain IITR-13 T and the reference strains R. tangshanensis DSM 19460 T , R. texasensis DSM 17496 T and R. soli DSM 19413 T under the same conditions. The fatty acid C 12 : 0 was present only in R. texasensis DSM 17496 T . Detailed comparative fatty acid profiles are presented in Table 2 . Extraction of polar lipids was done based on the protocol of Bligh & Dyer (1959) . Two-dimensional TLC was run for identification of polar lipids according to procedures described by Komagata & Suzuki (1987) . Total lipids were detected and identified by spraying with 10 % (w/v) molybdatophosphoric acid in 95 % ethanol. The major polar lipids of strain IITR-13 T were phosphatidylglycerol, phosphatidylethanolamine, phosphatidylinositol and seven unknown phospholipids; the three closely related type strains had fewer unknown phospholipids (Fig. S1 , available in the online Supplementary Material). Isoprenoid quinones were extracted and purified as described by Saha et al. (2005) . Purified quinones were separated by reversed-phase HPLC (SCL-10AVP; Shimadzu) using the solvent system acetonitrile/2-propanol (65 : 35) at a flow rate of 1 ml min 21 and monitored at a wavelength of 269 nm. The major isoprenoid quinones detected for strain T were Q-8 and MK-7.
Chromosomal DNA of strain IITR-13 T was isolated according to the procedure described by Mayilraj et al. (2006) . The 16S rRNA gene was amplified with primers 27f (59-AGAGTTTGATCCTGGCTCAG-39) and 1492r (59-AAGTCGTAACAAGGTAACCGTA-39). The amplified DNA fragment was separated on 1 % agarose gel, eluted from the gel and purified using a QIA Quick gel extraction kit (Qiagen). The purified PCR product was sequenced with primers 27f, 357f, 518r, 926f, 1100r and 1492r (Escherichia coli numbering system). The 16S rRNA gene sequence was determined by the dideoxy chain-termination method using the Big-Dye terminator kit with an ABI 310 Genetic Analyzer (Applied Biosystems). To determine the phylogenetic relationships of strain T , the 16S rRNA gene sequence consisting of 1488 nt was compared with those of type strains of species of related genera; identification of phylogenetic neighbours and calculation of pairwise 16S rRNA gene sequence similarities were achieved using the EzTaxon server (Kim et al., 2012) and sequences were aligned using MEGA version 6.0 (Tamura et al., 2013) . Neighbour-joining, maximum-parsimony and maximumlikelihood algorithms were used for reconstruction of the phylogenetic tree. Bootstrap analysis was performed to assess the confidence limits of the branching.
DNA-DNA hybridization was carried out between strain IITR-13 T and the three reference strains using the membrane filter method as described by Tourova & Antonov (1987) except that probe labelling for DNA-DNA hybridization was conducted by using the non-radioactive Biotin DecaLabel DNA Labelling kit (Thermo Scientific); hybridized DNA was visualized using the Biotin Chromogenic Detection kit (Thermo Scientific) and the level of DNA-DNA relatedness was quantified by measuring the density strains were Gram-negative-staining and positive for hydrolysis of starch, oxidase and catalase activities and acid production from arabinose, salicin, glucose, lactose, melibiose and cellobiose. Enzyme activity was positive using VITEK 2 GN cards for Ala-Phe-Pro arylamidase, b-glucosidase, N-acetylb-glucosaminidase, L-proline arylamidase, lipase, urease, phosphatase and Glu-Gly-Arg arylamidase. All strains were negative for growth on 5-10 % NaCl, citrate utilization, indole production, H 2 S production, acid production from mannitol, rhamnose, inositol, adonitol, dulcitol and sorbitol and the following tests on the VITEK 2 GN card: utilization of adonitol, L-arabitol, D-mannitol, D-mannose, palatinose, D-sorbitol, D-tagatose, trehalose, sodium citrate, malonate, 5-keto-D-gluconate and coumarate, H 2 S production, succinate alkanization, b-alanine arylamidase pNA, ornithine decarboxylase, lysine decarboxylase, A. Kumar and others of spots by using the densitometry software of the gel documentation system (Alpha Imager). Digital DNA-DNA hybridization (DDDH) was also performed between strain IITR-13 T and the closely related strain R. texasensis DSM 17496 T , for which the whole genome sequence is available. This technique is used for in silico analysis to estimate overall similarity between the genomes of two organisms. It uses high-scoring segment pairs or maximally unique matches for analysis (Auch et al., 2010; MeierKolthoff et al., 2013) .
Molecular analyses of the aligned sequences were exported, simulated and recorded using SnapGene software (GSL Biotech; http://www.snapgene.com) (Wei et al., 2007) . Differentiations of bacterial populations by virtual RFLP analysis depend on detecting 16S rRNA gene sequence polymorphisms using different restriction enzymes (Liu et al., 1997) . Normally, an enzyme that has more than two base-pair recognition sites is selected due to the higher frequency of recognition sites. Each aligned DNA fragment was restricted in silico with 24 distinct restriction enzymes (Lee & Davis, 1988) ; these enzymes were Eco RII, Bfa I, Bst UI, Hae III, Hha I, HinfI, Kpn2I, Mse I, Sma I, Taa I, Sau3AI, Alu I, Msp I, Rsa I, Mbo I, Bmi I, Ahl I, Sat I, Gla I, EcoNI, Zra I, Eco RI, Stu I and Xap I. The use of more than one restriction enzyme simplifies the resolution and determination of bacterial populations (Marsh et al., 2000; Marsh, 1999) . After in-silico restriction digestion, a virtual 1 % agarose gel electrophoresis image was plotted mechanically to the computer screen. The virtual gel image was then captured for RFLP pattern comparisons. This addresses the possibility that different bacterial populations could have the same restriction pattern or same fragment length for a particular enzyme but not others (Marsh et al., 2000) .
MALDI-TOF mass spectra were obtained from an Ultraflex III instrument operated in linear positive mode under FlexControl 3.1 software. External calibration of the mass spectra was done using standard peaks from E. coli DH5a (4346.3, 5095.8, 5380.4, 6254.4, 7273 .5 and 10 299.1 Da). Laser power was set to 120 % of the threshold laser power. Five independent spectra comprising 240 laser shots were acquired from each spot. Within an individual spot, the laser was directed manually when required in addition to a pre-defined lattice raster. Mass spectra were processed using Flex Analysis (version 3.1; Bruker Daltonik) and BioTyper software (version 3.1; Bruker Daltonik). Gel View software was used to display a pseudo-gel representation of normalized spectra.
Protein extraction sample preparation was done with few modifications to the manufacturer's method (Bruker Daltonik) as follows: 300 ml ultrapure water was pipetted into a clean Eppendorf tube. An aliquot of 5-10 mg culture was transferred into the tube and vortexed to form a homogeneous suspension; 900 ml pure ethanol was then added to the tube and the tube was vortexed for at least 10 min. The tube was centrifuged for 2 min at 13 000 r.p.m. and the supernatant was discarded. Next, 50 ml of 70 % formic acid was added to the Eppendorf tube and the tube was vortexed. An equal volume of 100 % acetonitrile was added to the tube and the contents were mixed carefully for 30 min. An aliquot of 1 ml cell suspension was placed on the target and overlaid with 1 ml matrix. The sample was allowed to dry at room temperature and inserted into the MALDI-TOF mass spectrometer.
The draft genome of IITR-13
T was sequenced at Genotypic Pvt Ltd (Bengaluru, India) (http://www.genotypic.co.in). Library preparation was performed at Genotypic Technology's Genomics facility following the NEXTFlex DNA library protocol according to the manufacturer's instructions. Approximately 3 mg genomic DNA was sonicated using a Covaris ultrasonicator to obtain a fragment size of 500-700 bp. The size distribution was checked by running an aliquot of the sample on an Agilent HS DNA Chip. The resulting fragmented DNA was cleaned using the HighPrep PCR clean up system as described by the manufacturer (MagBio). Fragmented DNA was subjected to a series of enzyme reactions that repair frayed ends, phosphorylate the fragments and add a single nucleotide A overhang and ligate adaptors using the NEXTFlex DNA Sequencing kit (Bioo Scientific), following the protocol as described by manufacturer. Sample clean-up was done using HighPrep PCR beads. After ligation and clean-up, ,500-800 bp fragments was size-selected on 2 % low-meltingpoint agarose gel and purified using MinElute columns (Qiagen). PCR amplification (10 cycles) of adaptor-ligated fragments was done and cleaned up using HighPrep PCR clean-up beads. The prepared libraries were quantified using a Qubit fluorimeter and validated for quality by running an aliquot on a High Sensitivity Bio analyser Chip (Agilent).
Sequencing was done using the Illumina Miseq paired-end technology (26300) and produced a total of 2 595 622 paired-end reads (insert size 598 bp) of 300 bp. NGS QC Toolkit version 2.3 was used to filter the data for high-quality (HQ) vector-and adaptor-free reads for genome assembly (cut-off read length for HQ, 80 %; cut-off quality score, 20). A total of 1 650 964 HQ vector-filtered reads were used for assembly with MaSuRCA (Zimin et al., 2013) genome assembler version 2.3.2.
16S rRNA gene sequence analysis of strain IITR-13 T showed similarity to the genus Rheinheimera. Its closest relative was found to be R. tangshanensis JA3-B52 T , with 98.7 % sequence similarity, followed by the type strains of R. texasensis (97.7 %) and R. soli (97.3 %). Sequence similarity to other members of the genus Rheinheimera was below 97.3 %. A rooted phylogenetic tree based on the neighbour-joining as well as maximum-parsimony and maximum-likelihood algorithms is shown in Fig. 1 T and R. texasensis DSM 17496 T revealed in-silico hybridization of 18.7 %. These values are well below the 70 % cut-off point recommended for the delineation of bacterial species (Wayne et al., 1987) . The levels of DNA-DNA relatedness between strain IITR-13 T and other members of the genus Rheinheimera were not determined, since it has been shown that organisms with more than 1.4-3 % 16S rRNA gene sequence dissimilarity belong to different genomic species (Stackebrandt & Goebel, 1994; Stackebrandt & Ebers, 2006) . The DNA G+C content was calculated as 48.7 % (based on wholegenome data), which falls within the defined range (47-51 mol%) accepted for members of the genus Rheinheimera (Tamaoka & Komagata, 1984; Mesbah et al., 1989) .
The computer-generated gel images produced using Snapgene software showed a clear restriction banding pattern for 24 different restriction enzymes for strain T , along with the reference strains R. tangshanensis DSM 19460 T , R. texasensis DSM 17496 T and R. soli DSM 19413
T . The enzymes Bfa I, Bst UI, Hae III, Hha I, HinfI, Kpn2I, Sma I, Sau3AI, Msp I, Rsa I, Mbo I, Ahl I, Sat I, Gla I, EcoNI, Zra I, Eco RI, Stu I and Xap I showed the same restriction pattern in all four strains. For Eco RII, Taa I, Alu I and Bmi I, strain IITR-13 T , R. tangshanensis DSM 19460
T and R. soli DSM 19413 T showed the same pattern, whereas R. texasensis DSM 17496
T showed a different pattern. The enzyme Mse I showed similar restriction patterns in strain IITR-13 T and R. texasensis DSM 17496 T , using a Microflex III instrument (Bruker Daltonik) for the automatic acquisition of mass spectra in the linear positive mode within the range 2-20 kDa, according to the manufacturer's instructions. Peaks were determined from the generated mass spectra and matching against reference spectra of the integrated database was performed using MALDI Biotyper Software (Bruker Daltonics). The profile of IITR-13
T showed a unique peak represented in red at position 5267.504 m/z, which is evident from the gel view (Fig. S6) .
The draft genome of strain IITR-13 T consisted of 3 749 903 bp, with a G+C content of 47.8 %, 3449 predicted coding sequences, 3449 subsystems and 86 RNAs. The final assembly contained 102 contigs of total size 3 745 567 bp, with an N 50 contig length of 103 330 bp, and the largest contig assembled measured 290 931 bp. A summary of the basic characteristic features of the genome is presented in Table S1 . Subsystem distribution of strain T is depicted in Fig. S7 based on the RAST annotation server.
The genome of strain IITR-13 T revealed the capacity of the strain for fermentation and utilization of sugar alcohols. The genes for butanol biosynthesis, acetolactate synthase subunits, lactate fermentation and acetyl-CoA fermentation to butyrate were annotated. Strain T was also shown to have the capacity to utilize sugar alcohols, as the genes for glycerol and glycerol 3-phosphate uptake and utilization were annotated. The genes for transposable elements including segregation and condensation protein B, ComM-related protein, Mg 2+ chelatase family protein and TniB NTP-binding protein were also annotated from strain IITR-13 T . Besides, an integron-like intI4-type integrase gene was also annotated. intl4 genes constitute a superintegron in other Gram-negative bacteria such as Vibrio (Mazel et al., 1998) . The occurrence of such transposable elements and an intl4-type integron reflects on the dynamic nature and evolutionary fitness of another betaproteobacterium (Faruque & Mekalanos, 2003) . The genome of strain IITR-13 T provides insight into functional aspects of this bacterium, which was isolated from a pesticide-contaminated environment. The genes annotated provide understanding of the adaptation of this bacterium to a soil microenvironment loaded with a variety of toxic compounds, metals and substrates.
Analysis of the whole-genome sequence of a newly isolated strain allows the calculation of average nucleotide identity (ANI) scores, providing global comparisons of the novel strain with previously isolated strains the genome sequences of which are deposited in databases. These ANI scores will probably serve as the next-generation gold standard for species delineation (Kim et al., 2014) . The ANI of the genome sequence of strain IITR-13
T against members of the genus Rheinheimera for which genome sequences are publicly available ranged from 69.40 to 70.66 %, the highest identity being to the closely related strain R. texasensis DSM 17496 T (Table 3) . These ANI values are also considerably lower than the 95-96 % threshold used to identify isolates as belonging to the same bacterial species (Goris et al., 2007; Richter & Rosselló -Mó ra, 2009 ).
Strain IITR-13
T could be distinguished from its close phylogenetic relatives on the basis of phenotypic characteristics, DNA G+C content, genotypic variations and chemotaxonomic parameters (Table 1) . On the basis of our polyphasic study, it was confirmed that strain IITR-13 T represents a novel species of the genus Rheinheimera, for which the name Rheinheimera mesophila sp. nov. is proposed.
Description of Rheinheimera mesophila sp. nov.
Rheinheimera mesophila [me.so9phi.la. Gr. adj. mesos medium; Gr. adj. philos loving; N.L. fem. adj. mesophila medium-(temperature)-loving, mesophilic].
Cells are Gram-negative-staining, strictly aerobic and motile and occur mostly as single slender rods, but sometimes in pairs. Cells are 1-3 mm long and 0.1-0.2 mm wide. Colonies on TSA plates are cream-coloured, round, convex to slightly umbonate and have irregular margins. Positive for oxidase and catalase. Grows at 12-42 uC (optimum, 30 uC) and at pH 5.0-10.0 (optimum, pH 8.0) and tolerates up to 2 % NaCl. Starch and casein are hydrolysed, but not gelatin. Negative for H 2 S production. Sensitive to colistin, ciprofloxacin, nitrofurantoin, bacitracin, rifampicin and polymyxin; resistant to vancomycin, gentamicin and penicillin. Results from the VITEK 2 GN card are positive for Ala-Phe-Pro arylamidase, b-glucosidase, N-acetylb-glucosaminidase, L-proline arylamidase, lipase, urease, phosphatase and Glu-Gly-Arg arylamidase. Negative for growth on 5-10 % NaCl, citrate utilization, indole production and acid production from mannitol, rhamnose, inositol, adonitol, dulcitol and sorbitol. Negative results are obtained with the VITEK 2 GN card for utilization of L-arabitol, D-tagatose, sodium citrate, malonate, palatinose, coumarate and 5-keto-D-gluconate, b-alanine arylamidase pNA, succinate alkanization, ornithine decarboxylase, The type strain, IITR-13 T (5MTCC 12064 T 5DSM 29723 T ), was isolated from sandy soil sampled from a pesticide-contaminated site at an industrial site in Eloor, Cochin region, southern India. The DNA G+C content of the type strain is 47.8 % (genome sequence).
